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(57)Abstract: 

PROBLEM TO BE SOLVED: To apply one or more wave front 
modulators in the observing light and/or illuminating light of an optical 
microscope to an ordinary microscope by arranging an adaptive optical 
device in the observing optical path of the optical microscope. 
SOLUTION: By incorporating an adaptive optical system in the optical 
path of illuminating light, the soft interpretation of the optical system, 
the improvement of the optical individuality of the microscope and new 
illumination technique are realized. A wave front phase modulator 
optimizes the image formation of an illumination filament (laser if 
necessary) on an object plane in the same manner even in the optical 
path of the observing light. In the case of delicate illumination, uniform 
illumination is set for an object space in the same manner. In such a 
case, the wave front modulator is installed between a collector and a 
condenser inserted behind the illumination filament. The intensity and 
the homogeneity of the illuminating light are spatially optimized on the 
object plane by the wave front modulator. 
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Japanese Patent Application Unexamined Publication (KOKAI) 
No. Hei 11-101942 (Abridged Translation) 

[0005] 
[Prior Art] 

Related patents that have heretofore been laid open 
to the public are as follows: 

• United States Patent US 4408874, W. Zinky and 

L. Rosenberg (1981/83) : 

A mechanically or pneumatically deformable optical 
element for adjusting the astigmatic magnification for use 
in an image reconstruction system in lithography. 

• European Patent EPO 0098969B1, J. Arnaud (1983/87) : 

A deformable optical element for astigmatism 
adjustment. When an external force is applied to a mirror 
membrane, the thickness of the mirror membrane changes on 
the surface so that the mirror membrane changes into a 
previously computed configuration. 

• European Patent EPO 0307354B1, H. Choffat (1988/92) : 

A ring-shaped array of bimorph piezoelectric thin- 
film elements to precisely adjust an objective lens or 
other constituent elements of a microscope in the axial 
direction, by way of example. 

• United States Patent US 5142132, B. MacDonald, R. Hunter 
and A. Smith (1991/92): 

An adaptive-controlled optical system for use in the 
manufacture of wafers (stepper: step-and-repeat 
photolithographic system) . Correction is attained by 
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interference between reflected light from a wafer and the 
original light. No precise description of a method for 
aberration correction is given. 

• German Patent DE 3404063C2, A. Suzuki and M. Kohno 
(1984/93) : 

A refractive transmission membrane for use in an 
optical path of an image reconstruction system to correct 
image reconstruction errors, particularly a lateral focal 
shift . 

• United States Patent US 5504575, R. Stafford (1993/96) : 

A spectroscope based on a three-dimensional light 
modulator and a dispersing element. The spectroscope 
includes a fiber used to couple light to a detector after 
it has passed through the dispersing element; an optical 
switch; and a flexible mirror. 

• European Patent EPO 167877, Bille, Heidelberg 
Instruments GmbH (filed in 1985) : 

An ophthalmoscope having an adaptive mirror. 

[0011] 

Fig. lb shows the arrangement of an optical 
microscope having a deformable mirror for correcting the 
wavefront in the direction of a cylindrical lens. First 
and second modulators pertain to image formation through a 
beam splitter between an objective and the cylindrical 
lens. Further, optical systems for pupil adjustment are 
provided in front of the first and second modulators, 
respectively. 
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[0012] 

The system of this type will be described more 
specifically in connection with Fig, 7. The wavefront is 
appropriately deformed through the wavefront modulator, 
thereby also allowing correction of aberrations due to the 
sample and the sample environment. This is shown in Fig. 2. 
The wavefront modulator installed between the objective 
and the cylindrical lens corrects the wavefront distorted 
by the aberrations. In this regard, because the spherical 
portion in the wavefront correction is still insufficient, 
a spherical portion needs to be added. For axially 
symmetric aberration (all the terms of spherical 
aberration are of higher order), it is sufficient to use a 
ring-shaped optical actuator. For angle-dependent 
aberration, it is necessary to apply a segmented actuator 
(Fig. 4). These actuators can be incorporated in the same 
wavefront modulator. Alternatively, two independent 
modulators may be installed in the pupil plane. In the 
former case, the actuator numbers are quadratically ranked 
in regard to the demanded resolution; in the latter case, 
the actuator numbers are linearly ranked. This means that 
electronic induction control is made even more efficient. 

[0018] 2. Application in confocal microscopes and LSMs 

The application to a confocal microscope can be 
realized more easily than in the case of a classical 
optical microscope by using a laser beam as illuminating 
light . 
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2-1 Illumination 

When a laser is used for illumination, insertion of 
a wavefront modulator is advantageous in coupling to an 
illuminating filament. Here, a variable adaptive optical 
system can be realized. To obtain optimum filament 
coupling, the relationship between the focal length 
thereof and the image-forming characteristics can be set 
in dependence on the beam characteristics of the laser and 
the filament used. Design based on the same principle can 
be applied to a case where a filament for illumination is 
coupled to the optical system of a microscope. By virtue 
of the rapidness of the modulator, time-resolved 
measurement and multiple operation can also be realized. 
It becomes possible to switch between at least one laser 
and various filaments. 
[0019] 

In the case of confocal image formation, 
transmission through a limited pinhole is dynamically 
adaptable. The focus condition and diameter are also 
variable in a wide limit range. The laser for illumination 
is optimally adjustable according to each individual 
demand. The contour of optical configuration of the focus 
can also be adapted to the pinhole. In the actually 
realized pinhole, optimization is effected so that not 
only an axially symmetric contour as always occurs but 
also a contour of other configuration such as a rhombic or 
rectangular aperture is adapted to obtain a maximum 
transmission or a minimal diffraction loss. Such 
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optimization is statically set with previously computed 
parameters, or controlled during operation so that 
specific optimized parameters are obtained. 
[0020] 

Color correction setting . depends on the illuminating 
laser used, as in the case of classical microscopes. The 
use of wavefront modulators, which are controlled at high 
speed and synchronously, in laser coupling and the 
illuminating and image-pickup optical systems allows 
images at various wavelengths to be taken sequentially 
with color correction optimized for each image. 

[0030] 

An arrangement implementable as a system is shown in 
Fig. 7. A beam from a short-wavelength pulse laser KPL 
reaches a prechirp unit PCU, from which the beam passes 
through a beam splitter ST1 and beam splitters^ 'ST2 and ST3 
to arrive at two adaptive constituent elements AD1 and AD2 
where it operates. The first AD1 (coarse) is inserted for 
coarse adjustment of the wavefront, whereby the focal 
point can be made to slide in the Z-direction. 
[0031] 

The second AD2 (fine) corrects the wavefront 
distortion and the influence of propagation time 
difference (PTD) . The laser beam reaches the object via a 
beam splitter DBS, an x/y scanning unit, optical parts SL 
and TL, a mirror SP and further a mirror SP and an 
objective lens OL. Light from the object returns to a PMT 
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as a detector via the beam splitter DBS, a lens L, a 
pinhole PH and a filter EF. The detector per se is 
connected to a control unit as in the case of PCU, AD1 and 
AD2 • Thus, the prechirp unit can be controlled in the same 
way as the adaptive elements AD1 and AD2, for example, so 
that a maximum signal is applied to the detector PMT . A 
special advantage is the optical path of the beam that is 
shown for an inverted microscope. In the inverted 
microscope, observation is performed from "below" . Thus, 
handling and manipulation of the sample, when necessary, 
are facilitated extensively. 
[0032] 

Fig. 6 shows a basic structure of an adaptive mirror. 
The mirror comprises a structure having a membrane of high 
reflectance (e.g. silicon nitrate) and a plurality of 
electrodes. By controlling each individual electrode as 
desired, the opposing membrane is deformed. Accordingly, 
the deformation exerts an influence upon the phase surface 
of the laser beam. Thus, the deformation of the phase 
surface occurring when the pulse passes through the system 
and the sample is compensated. 
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